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(57)Abstract: 

PURPOSE: To obtain a polymer of high developability and high resolution by 
esterifying part of the hydroxyl groups of a specified part of a specified p- 
hydroxystyrene/m-hydroxystyrene block copolymer with tert-butoxycarbonyl groups. 
CONSTITUTION: Part of the hydroxyl groups of the poly-p-hydroxy-styrene part 
and the poly-m-hydroxystyrene part of a monodisperse p-hydroxystyrene/m- 
hydroxystyrene block copolymer having a weight-average molecular weight to 
number-average molecular weight ratio of 1.01-1.5 are esterified with tert- 
butoxycarbonyl groups to obtain a partially estrified p-hydroxystyrene/m- 
hydroxystyrene block copolymer comprising repeating units of formulas I, II, III and 
IV. The obtained copolymer can easily be developed with an alkali and has a narrow 
molecular weight distribution and therefore can desirably be used as e.g. a resist 
material for LSI. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1] The p-hydroxy styrene-m-hydroxy styrene block copolymer by which partial esterification of the hydroxyl group of 
the poly (p-hydroxy styrene) section which has the repeat unit shown by the following structure expression (1), (2), (3), and 
(4), and is characterized by molecular weight distributions being weight-average-molecular-weight (Mw) / 
number-average-molecular-weight (Mn) =1.01-1.5, and the poly (m-hydroxy styrene) section was carried out by the 
tert-butoxy carbonyl group, 
[-izing 1] 

-jcH 2 -CH^- -(CH 2 -CH)- -(cH 2 -Ch}- 




(0 (2) 




-{ch 2 -ch}- 



CH* 
I 

C-O-C-CHa 



h 1 



CH, 



(4) 



[Claim 2] The manufacture technique of the p-hydroxy styrene-m-hydroxy styrene block copolymer claim 1 publication that 
weight-average-molecular-weight (Mw) / number average molecular weight (Mn) carries out the tert-butoxy carbonylation of 
the hydroxyl group of the poly (p-hydroxy styrene) section in the block copolymer of the p-hydroxy styrene of the mono 
dispersion nature of 1.01-1.5, and m-hydroxy styrene, and the poly (m-hydroxy styrene) section partially. 
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DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[Field of the Invention] this invention relates to the p-hydroxy styrene-m-hydroxy styrene block copolymer and its 
manufacture technique of the mono dispersion nature by which partial esterification of the hydroxyl group of the poly 
(p-hydroxy styrene) section suitably used as resist material for LSI etc. and the poly (m-hydroxy styrene) section was carried 
out by the tert-butoxy carbonyl group. 
[0002] 

[A Prior art and Object of the Invention] Conventionally, as a base polymer for resist materials used as the object for the 
lithography of a high resolution, or an object for LSI, the functional polymer is used abundantly. In connection with the 
development of high-density-izing especially in LSI in recent years, a high resolution and high development nature come to be 
increasingly demanded about a resist material, and although the novolak resin was conventionally used in use as a functional 
polymer which can meet such a demand, the chemistry amplification type resist material is variously examined as what is 
replaced with this in recently. 

[0003] Especially in the resist material above-mentioned chemistry amplification type, while it has the functional group easily 
desorbed with an acid from the viewpoint of workability, the object for prizes of that from which the solubility in the 
desorption order of the functional group is different is carried out. The polystyrene derivative which is excellent in 
plasma-proof nature as such a resist material is especially known as a suitable thing. 

[0004] Although the molecular weight and molecular weight distribution have big influence on the development property and 
resolution of a resist in using these polymers as a base polymer for resists, these polymers are polydispersed polymers 
obtained by a usual radical polymerization method and a usual condensation-polymerization method, and since they are not 
considered [ controlling molecular weight and molecular weight distribution from the start, and ]> in order to raise the 
development nature and resolution of a resist, they are controlling molecular weight using the technique of fractionation. 
[0005] However, since the technique of fractionation was difficult to fully follow in footsteps to the demand performance 
which becomes severe for operation to to be not only complicated, but when there is a fault of taking time, it was what cannot 
become the essential means of a problem solving. 

[0006] Therefore, the development of a quality polymer suitable as a base polymer for resist materials was desired. 
[0007] Since it has the functional group which it was made in order that this invention might meet the above-mentioned 
request, and is easily desorbed with an acid While negatives can be easily developed with alkali by the solubility in the 
desorption order of the functional group differing It has high development nature and a high resolution. As a resist material 
etc. The p-hydroxy styrene-m-hydroxy styrene block copolymer by which partial esterification of the hydroxyl group of the 
useful poly (p-hydroxy styrene) section and the poly (m-hydroxy styrene) section was carried out by the tert-butoxy carbonyl 
group, and its manufacture technique It aims at providing. 
[0008] 

[A The means for solving a technical problem and an operation] After carrying out the living polymerization of the 
m-tert-butoxy styrene shown with the p-tert-butoxy styrene shown with the following structure expression (5), and the 
following structure expression (6) as a result of repeating a study zealously, in order that this invention person may attain the 
above-mentioned purpose, By making tert-butyl in a molecule desorb, the block copolymer of the p-hydroxy styrene of the 
mono dispersion nature of 1 .0 1 - 1 .5 and m-hydroxy styrene is obtained for weight-average-molecular-weight (Mw) / number 
average molecular weight (Mn), And by carrying out the tert-butoxy carbonylation of the hydroxyl group of the poly 
(p-hydroxy styrene) section in this block copolymer, and the poly (m-hydroxy styrene) section partially It has the repeat unit 
shown by the following structure expression (1), (2), (3), and (4). And poly whose molecular weight distribution are 
Mw/Mn=1.01-1.5 The block copolymer of the p-hydroxy styrene and m-hydroxy styrene by which partial esterification of the 
hydroxyl group of the section and the poly (m-hydroxy styrene) section was carried out by the tert-butoxy carbonyl group, 
respectively is obtained, (p-hydroxy styrene) While a control of molecular weight gives the block copolymer of the mono 
dispersion nature of Mw/Mn=1.01-1.5 certainly easily, this technique Thus, it has the tert-butoxy carbonyl group which the 
obtained mono dispersion nature block copolymer may desorb easily with an acid. When negatives were able to be easily 
developed with alkali, even if it did not perform troublesome technique of fractionation by mono dispersion nature, it had 
high development nature and the high resolution, and the knowledge of the ability to use suitable for intended use, such as a 
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base polymer for resist materials, as a functional polymer so is carried out, and it came to make this invention. 

[0009] 

[-izing 2] 

CH_=C CH a =CH 

(6) 





-(chj-ch)- -(ch.-ch)- -(ch,-ch)- 



)-C-0-C-CH, 



0 



CH, 



(1) (2) (3) 

-(ch 2 -ch)- 



CH3 

-C-O-C-CHa 
I 

CHa 



A 



(4) 



[0010] Therefore, this invention has the repeat unit shown by the above-mentioned structure expression (1), (2), (3), and (4). 
Molecular weight distribution And weight average molecular weight (Mw) /number average molecular weight (Mn) The 
p-hydroxy styrene-m-hydroxy styrene block copolymer by which partial esterification of the hydroxy 1 group of the poly 
(p-hydroxy styrene) section characterized by being =1.01-1.5 and the poly (m-hydroxy styrene) section was carried out by the 
tert-butoxy carbonyl group, Weight-average-molecular-weight (Mw) / number average molecular weight (Mn) and the 
hydroxyl group of the poly (p-hydroxy styrene) section in the block copolymer of the p-hydroxy styrene of the mono 
dispersion nature of 1.01-1.5, and m-hydroxy styrene, and the poly (m-hydroxy styrene) section The manufacture technique of 
the block copolymer with the p-hydroxy styrene-m-hydroxy styrene which carries out a tert-butoxy carbonylation partially and 
by which partial esterification was carried out [ above-mentioned ] is offered. 

[001 1] Hereafter, partial esterification of the hydroxyl group of the poly (p-hydroxy styrene) section which has per this 
invention and also the repeat unit the block copolymer of this invention is indicated to be by the following structure 
expression (1), (2), (3), and (4) when it explains in full detail, and the poly (m-hydroxy styrene) section is carried out by the 
tert-butoxy carbonyl group. 
[0012] 
[-izing 3] 
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[0013] Although the repeat unit of the above-mentioned formula (1), (2), (3), and (4) may be contained at an arbitrary rate, 
here Usually, it is desirable to contain at a rate from which a weight fraction is set to 0.01 <=(1) <=99.97, 0.01 <=(2) 
<=99 97 ) o.Ol <=(3) <=99.97, 0.01 <=(4) <=99.97, and (l)+(2)+(3)+(4) =1. When using especially the block copolymer of 
this invention as resist material The soluble difference at the time of the development of a resist From the viewpoint of a 
crosslinking reaction control to and 20<- (1) It is suitable <=99.98, 0.01 <=(2) <=50, 0.01 <=(3) <=80, 0.01 <=(4) <=50, and 
to be more preferably referred to as 50 <=(1) <=99.8, 0.01 <=(2) <=20, 0.01 <=(3) <=45, and 0.01 <=(4) <=20. 
[0014] furthermore, as for especially the rate of the partial esterification by the t-butoxycarbonyl machine of the hydroxyl 
group in a molecule, in the above-mentioned block copolymer, it is desirable that it is 5 - 45% 0. 1 to 80% (weight % and the 
following - the same) to poly (p, m-hydroxy styrene) 

[0015] The block copolymer of the above-mentioned p-hydroxy styrene of this invention and m-hydroxy styrene is the thing 
of the mono dispersion nature to which Mw/Mn has 1.01-1.5, and molecular weight distribution that serve as the domain of 
1.01-1.3 preferably. If that with which Mn does not fill Mw/1.01 is technically difficult to compound and 1.5 is exceeded, it 
cannot obtain the high resolution of the grade which can be used as a resist material, and the degree of high development. In 
addition, weight average molecular weight (Mw) can measure number average molecular weight (Mn) again by the light 
scattering measurement using a membrane osmometer. 

[0016] Furthermore, when using it as a resist material, generally the domain of 500-500,000 and that it is especially the 
domain of 3,000-300,000 have number average molecular weight desirable although especially the average molecular weight 
of the above-mentioned block copolymer is not restricted. When number average molecular weight may not have a layer 
intensity and exceeds 500,000 as a resist material less than by 500, a problem is in a development property and a 
compatibility, and a high resolution and the degree of high development may be unable to be obtained. 
[0017] In addition, a gel permeation chromatography (GPC) can perform evaluation of the above-mentioned molecular weight 
distribution, and the molecular structure can be easily checked by the 1H-NMR spectrum. 

[0018] The partial esterification p-hydroxy styrene-m-hydroxy styrene block copolymer of the mono dispersion nature 

mentioned above in this invention can be easily obtained by esterifying partially the hydroxyl group of a mono dispersion 

nature p-hydroxy styrene-m-hydroxy styrene block copolymer with a t-butoxycarbonyl machine, as shown below. 

[0019] First, the block copolymer of the p-hydroxy styrene of mono dispersion nature and m-hydroxy styrene can be obtained 

by desorbing t-butyl in a molecule here, after carrying out the living polymerization of both the monomers of the m-t-butoxy 

styrene shown with the p-t-butoxy styrene shown with the following structure expression (5), and the following structure 

expression (6). 

[0020] 

[-izing 4] 
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CH*=CH CHe=CH 

-<f- CH » u 

CH, 

(5) (6) 

[0021] Moreover, it is desirable to use an organometallic compound as a polymerization initiator in case of the living 
polymerization of the above-mentioned monomer. As an organometallic compound, organic alkali metal, such as n-butyl 
lithium, sec-butyl lithium, t-butyl lithium, sodium naphthalene, anthracene sodium, alpha-methyl-styrene tetramer disodium, a 
cumyl potassium, and cumyl caesium, etc. is mentioned, for example. In addition, it is dependent on the molecular weight of 
the polymer to generate, and the addition of a polymerization initiator is computed from molecular weight and the weight of a 
monomer (the number of mols of the weight/initiator of a molecular weight = monomer). 

[0022] As for a living polymerization, it is desirable to carry out in an organic solvent generally. As an organic solvent, an 
aromatic hydrocarbon, cyclic ether, an aliphatic hydrocarbon solvent, etc. are illustrated, and benzene, toluene, a 
tetrahydrofuran, a dioxane, a tetrahydropyran, dimethoxyethane, n-hexane, a cyclohexane, etc. are mentioned as an example. 
Even if it uses it independently, you may use these organic solvents combining two or more sorts, respectively. In addition, as 
for especially the concentration in the organic solvent of both the above-mentioned monomers formula (5) and (6), 
considering as 1 - 30% is desirable one to 50%. 

[0023] It is desirable to agitate a reaction under a high vacuum or the inert gas ambient atmosphere, such as an argon and 
nitrogen, and to perform it. Although reaction temperature can be chosen freely in between to the boiling point temperature of 
the organic solvent used from -100 degrees C, it is desirable to make it especially react at a room temperature by the 
tetrahydrofuran solvent by -78 degrees C - 0 degree C and the benzene solvent. Moreover, it is suitable to usually perform a 
reaction for about 10 minutes to 20 hours. 

[0024] A halt of a reaction is performed by adding halt agents, such as a methanol, water, and a methyl star's picture, to the 
system of reaction. Subsequently, the obtained reaction mixed solution is made to precipitate in a suitable solvent, for 
example, a methanol, and by washing and drying, the polymer generated by the polymerization reaction can be refined and it 
can isolate. In addition, if a living-polymerization reaction is performed in this way, only the vinyl group in the 
above-mentioned formula (5) and the monomer of (6) will react alternatively, and will carry out a polymerization, and the 
block copolymer which has the repeat unit shown by the following structure expression (7) and (8) will be obtained. 
[0025] 
[-izing 5] 

-{Crfc-CH)- -( CH2 "9 H r 





(8) 

[0026] Thus, the molecular weight distributions Mw/Mn of the copolymer obtained are the things of the mono dispersion 
nature of 1.01-1.5. 

[0027] In addition, since the yield of the polymer in the above-mentioned reaction is about 100%, the molecular weight of the 
polymer obtained is easily computable from the weight of the used monomer, and the number (molecularity) of mols of a 
polymerization initiator. 

[0028] Next, if t-butyl in the block copolymer which has the repeat unit shown by the above-mentioned formula (7) and (8) is 
made to desorb, the block copolymer of the p-hydroxy styrene and m-hydroxy styrene which have the phenol residue 
structural unit shown by the following structure expression (9) and (10) by things will be obtained. 
[0029] 
[-izing 6] 

-(ca-CH)- -(ci^-ch}- 





(10) 

[0030] The elimination reaction of the above-mentioned t-butyl can be performed [ drop / acids, such as a hydrochloric acid 
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v and a hydrobromic acid, / in a mixed solvent / independent or /, such as a dioxane, an acetone, an acetonitrile, and benzene, ] 
easily. In these reactions, since it does not say that the principal chain of a macromolecule is cut or crosslinking reaction 
happens between molecules, the molecular weight distribution of the block copolymer of the p-t-butoxy styrene and 
m-t-butoxy styrene which are a precursor are maintained as it is, and the block copolymer of the p-hydroxy styrene of mono 
dispersion with narrow molecular weight distribution and m-hydroxy styrene can be obtained. 

[0031] In addition, what is necessary is just to add the addition of an acid more than mols [ poly / poly (p-hydroxy styrene), / 
(m-hydroxy styrene) ] in this case. 

[0032] Furthermore, the reaction which t-butoxycarbonyl-izes partially the hydroxyl group of the poly (p-hydroxy styrene) 
section of the block copolymer of the above-mentioned p-hydroxy styrene of mono dispersion and m-hydroxy styrene and the 
poly (m-hydroxy styrene) section can be easily performed like a usual t-butoxycarbonyl-ized reaction. 
[0033] As a t-butoxycarbonyl-ized reagent, for example, ******** acid-t-butyl, G t-butyl carbonate, t-butoxycarbonyl thio - 
(4, 6-dimethyl pyridine), t-butyl pentachlorophenyl carbonate, 2-(t-******************************)-2-phenylacetonitrile, 
etc. are used. And the hydroxyl group of the poly (p-hydroxy styrene) section of mono dispersion and the poly (m-hydroxy 
styrene) section is t-butoxycarbonyl-ized partially, using a pyridine, a tetraethyl amine, etc. as an acid trap solvent. In this 
case, you may add to the system of reaction, using dimethylamine, 4-N, and N-dimethylamino pyridine etc. as a 
t-butoxycarbonyl-ized catalyst if needed. In addition, the amount of the t-butoxycarbonyl-ized reagent used is the amount of 
proportionalities at the rate of t-butoxycarbonyl-izing, and let the addition of a t-butoxycarbonyl-ized catalyst be the amount 
of catalysts. Furthermore, mols [ reagent / t-butoxycarbonyl-ized ] are suitable for the amount of the acid trap solvent used. 
[0034] Moreover, the block copolymer of p-hydroxy styrene and m-hydroxy styrene can be made into potassium salt using 
potassium-t-butoxide, and the block copolymer of the p-hydroxy styrene of mono dispersion and m-hydroxy styrene can be 
partially t-butoxycarbonyl-ized also by the technique to which this is made to react with di-t-butyldicarbonate. In addition, the 
t-butoxycarbonyl-ized reaction in this invention is not limited to the above-mentioned reaction. 
[0035] Thus, the rate of t-butoxycarbonyl-izing of a partial esterification mono dispersion nature p-hydroxy 
styrene-m-hydroxy styrene copolymer of this invention obtained It is what can be easily checked by the 1H-NMR spectrum, 
this rate of t-butoxycarbonyl-izing As mentioned above, it is desirable that it is 5 - 45% of a domain especially 0.1 to 80% to 
the soluble difference at the time of the development of a resist and the viewpoint of a crosslinking reaction control to poly 
(p-hydroxy styrene) and poly (m-hydroxy styrene), respectively. 
[0036] 

[Effect of the invention] The p-hydroxy styrene-m-hydroxy styrene block copolymer by which partial esterification was 
carried out with the t-butoxycarbonyl machine of this invention can carry out alkali development, and since molecular weight 
distribution are narrow, it is suitable as photosensitive polymeric materials, such as a resist material of a high resolution. 
Moreover, according to the manufacture technique of this invention, the molecular weight can be controlled arbitrarily and 
easily, and the block copolymer with the p-hydroxy styrene-m-hydroxy styrene of the t-butoxycarbonyl base part ester of the 
above-mentioned mono dispersion nature can be manufactured advantageously industrially. 
[0037] 

[Example] this invention is not limited by this, although an example is shown and this invention is explained further in full 
detail hereafter. 
[0038] [Example] 

Tetrahydrofuran 2300ml was taught as a solvent, 8xten - three mols of n-butyl lithiums were taught the flask of 31. of 
synthesis of the block copolymer of the p-hydroxy styrene of mono dispersion nature, and m-hydroxy styrene as an initiator, 
and it mixed. The reaction solution presented red the place to which the polymerization reaction was made to perform, having 
added p-tert-butoxy styrene lOOg in this solution, having made the polymerization reaction perform, agitating for 2 hours, 
having added m-tert-butoxy styrene 5g next, and agitating for 2 hours, after cooling the obtained mixed solution at -78 
degrees C. Subsequently, after having added the methanol in the obtained reaction solution and making it stop a 
polymerization reaction as a reaction halt agent, this solution is poured out into a methanol, the obtained polymer is settled, 
and 104g of white polymers was obtained the place which carried out separation xeransis. 
[0039] The measurement result of 1H-NMR of the obtained polymer is as follows. 
1.4-2.2 ppm : (broadcloth, 3H, and -CH2-CH-) 
1.3-1.6 ppm : (broadcloth, 9H, -OC3 (CH3)) 
6-7 ppm : (broadcloth, 4H, C6H4) 

[0040] From the 1H-NMR measurement result, it was checked that the above-mentioned copolymer is a copolymer which 
consists of p-tert-butoxy styrene 95% and m-tert-butoxy styrene 5%. Moreover, when number average molecular weight was 
measured by the layer osmometry, it was 1 .2xl04g/mol. Furthermore, the thing with very high (Mw/Mn=l .09) mono 
dispersion nature was checked from the result of GPC elution diagram. In addition, GPC elution diagram is as having been 
shown in drawing 1 . 

[0041] Subsequently, after having added the 20g of the above-mentioned copolymers to acetone 300ml and making it melt, 
the little concentrated hydrochloric acid was added at 60 degrees C. After agitating the obtained solution for 8 hours, this 
solution is poured out underwater and polymer 13g was obtained the place washed and dried. 

[0042] When the number average molecular weight of this polymer was measured by the layer osmometry, it was 7600g/mol. 
Moreover, the result which evaluated the molecular weight distribution of this polymer by GPC is as having been shown in 
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drawing 2 , and it was checked that it is a copolymer with very high mono dispersion nature. Furthermore, since the peak 
which originates from the measurement result of 1H-NMR of the polymer obtained here at tert-butyl was not observed, a 
polymer is the copolymer of poly (p-hydroxy styrene) and poly (m-hydroxy styrene), and not having tert-butyl at all was 
checked. 

[0043] 1 OOg (molecular weight 7600, molecular weight distribution 1 . 1 5) of the block copolymers of the p-hydroxy styrene 
and m-hydroxy styrene which were obtained by the synthetic above-mentioned living polymerization of the block copolymer 
of the p-hydroxy styrene and m-hydroxy styrene by which partial esterification was carried out by the tert-butoxy carbonyl 
group was melted in 11. of pyridines, and 40g of 2 carbonic-acid G t-butyl was added, agitating at 45 degrees C. Although gas 
occurred simultaneously with addition, it was made to react in N2 draft further for 1 hour. The reaction mixture was dropped 
at U. of the water containing 20g of concentrated hydrochloric acids, and white sedimentation was obtained. After filtering, 
acetone 50ml was made to carry out sedimentation lysis, and it was dropped at 1 1. of water. Subsequently, after filtering 
sedimentation, the vacuum drying was carried out below 40 degrees C. 

[0044] The obtained polymer was 19.6%, as a result of having the repeat unit of the aforementioned formula (1), (2), (3), and 
(4) and asking for the rate of an introduction of a tert-butoxy carbonyl group using the peak of 8 ppm OH base in 1H-NMR, 
and molecular weight distribution were 1.15. 
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[Title of Invention] p - hydroxy styrene - m - hydroxy styrene 
block copolymer esterified partially with tert - buthoxy carbonyl 
group and its production method 

[Summary] 

[Purpose] To offer a polymer suitable for use as a resist material, 
as a functional polymer, it has good development property and high 
resolution property with single dispersability and can be developed 
easily with an alkaline solution. 

[Constitution] The hydroxide group of a part of poly (m - hydroxy 
styrene) and a part of poly (p - hydroxy styrene) in the block 
copolymer of the p - hydroxy styrene and the m - hydroxy styrene 
are esterified partially by tert - buthoxy carbonyl, this is single 
dispersed having average molecular weight (Mw) /average molecular 
number (Mn) in the range of 1.01 - 1.5. It consists of repeated 
units shown by these structural formula (1) (2) (3) (4) . Also, the 
hydroxide group of a part of poly (p - hydroxy styrene) and a part 
of poly (m - hydroxy styrene) is partially esterified with tert - 
buthoxy carbonyl group, the molecular weight distribution is the 
average molecular weight (Mw) / average molecular number (Mn) =1.01 
- 1.5, the p - hydroxy styrene - m - hydroxy styrene block 
copolymer is obtained. 



I 1 Numbers in the margin indicate pagination in foreign text. 



[Formula 1] 



-(ch s -ch)- ~(ch*-ch}- -(ciu-ch}- 

oh o-c-o-c-ch, 

D I 
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(1) (2) (3) 



-{ch 2 -ch}- 



^^O-C-O-C-' 



CH* 



I 



(4) 
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[Scope of Patent Claims] 

[Claim 1] The hydroxide group of a part of poly (p - hydroxy 
styrene) and a part of poly (m - hydroxy styrene) is partially 
esterified with tert - buthoxy carbonyl group, the molecular weight 
distribution is average molecular weight (Mw) / average molecular 
number (Mn) =1.01-1.5, p- hydroxy styrene - m - hydroxy styrene 
block copolymer is obtained. The repeated units are shown with the 
structural formula shown below (1), (2), (3) and (4). 

[Claim 2] The production method of the p - hydroxy styrene - m - 
hydroxy styrene block copolymer of Claim 1 is characterized in that 
the hydroxide group of a part of poly (m - hydroxy styrene) and a 
part of poly (p - hydroxy styrene) in the block copolymer of the p 
- hydroxy styrene and the m - hydroxy styrene are esterified 
partially by tert - buthoxy carbonyl, this is single dispersed 
having average molecular weight (Mw) /average molecular number (Mn) 
in the range of 1.01 - 1.5. 

[Detailed explanation of invention] 

[0001] 
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[Industrial field of use] The invention pertains to the production 
method of p- hydroxy styrene - m - hydroxy styrene block copolymer, 
the hydroxide group of a part of poly (p - hydroxy styrene) and a 
part of poly (m - hydroxy styrene) is partially esterified with 
tert - buthoxy carbonyl group. This is suitable as a resist 
material for LSI. 

[0002] 

[Prior Art and the problems resolved by the invention] 
Conventionally, a functional polymer is used as the base polymer 
for a resist material used in LSI or for lithography of high 
resolution. In particular, the demand for high resolution and high 
development properties are high with the resist material as LSI 
becomes highly dense. To meet this demand, the novolak resin have 
been used conventionally as the functional polymer. This type of 
resin was used mainly for this purpose. Recently, various research 
were focused on the resist material of the chemical width 
increasing type. 

[0003] For this type of resist material of chemical width 
increasing type, a polymer with different solubility is used for 
separating the functional group and the functional group can be 
separated easily with an acid, this type is used from the 
observation point of production. The polystyrene derivative that 
have excellent plasma resistance is most suitable as the resist 
material . 

[0004] When this polymer is used as the polymer for the resists, 
the molecular weight and the molecular weight distribution have a 
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big influence on the development characteristics and resolution of 
the resist so these polymers is a multidispersed polymer obtained 
by the normal radical polymerization and the condensation 
polymerization method. Since the molecular weight and molecular 
distribution can be controlled, the development and resolution of 
the resist is improved, the control of the molecular weight can be 
carried out using other means. 

[0005] However, the drawback is that the other means is complex and 
takes a long time so in order to obtain a resist with sufficient 
properties, the purpose of the invention is to obtain a means to 
resolve this problem. 

[0006] Therefore, the development for a polymer of high quality as 
the polymer for the resist material is desired. 

[0007] By focusing the invention on the above purpose, since the 
functional group can separate easily by an acid, right after the 
separation of the functional group, the development is carried out 
with an alkaline solution. This resist has high resolution property 
and high development property. The purpose of the invention is to 
offer a production method of p- hydroxy styrene - m - hydroxy 
styrene block copolymer, the hydroxide group of a part of poly (p 
- hydroxy styrene) and a part of poly (m - hydroxy styrene) is 
partially esterified with tert - buthoxy carbonyl group. This is 
suitable as a resist material for LSI. 

/3 

[0008] 

[Means and action for resolving the problem] As a result of the 
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inventors focusing their research on the above problem, the 
invention attained success. After p - tert - buthoxy styrene shown 
with the structural formula (5) shown below and m - tert - buthoxy 
styrene shown with the structural formula (6) shown below are 
living polymerized, the tert - butyl group in the polymer is 
separated, the block copolymer of p - hydroxy styrene and the m - 
hydroxy styrene of single dispersability and having an average 
molecular weight of (Mw) /average molecular number (Mn) of 1.01 - 
1.5. Then, the hydroxide group of a part of poly (p - hydroxy 
styrene) and a part of poly (m - hydroxy styrene) of the said block 
copolymer are partially esterified with tert - buthoxy carbonyl 
group. The repeated units are shown with the structural formula- 
shown below, (1) , (2) , (3) and (4) . The molecular weight 
distribution is the average molecular weight (Mw) / average 
molecular number (Mn) = 1.01 - 1.5. The hydroxide group of a part 
of poly (p - hydroxy styrene) and a part of poly (m - hydroxy 
styrene) are partially esterified with tert - buthoxy carbonyl 
group, a block copolymer of p - hydroxy styrene and m - hydroxy 
styrene is obtained. The molecular weight can be controlled with 
this method. The block copolymer of single dispersability of (Mw) / 
(Mn) = 1.01 - 1.5. The single dispersed copolymer is separated 
easily by an acid, it has the tert - buthoxy carbonyl group. It 
can be developed easily with an alkaline solution. It has high 
development property and high resolution without using a difficult 
means and it has single dispersability. It is suitable for use as 
the base polymer used as resist material as the functional polymer. 
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The invention 
[0009] 
[Formula 2] 



attained success. 



CH,-C 



CH 2 =CH 



u— c-ca, 
i 

CH 3 



(5) 




(6) 




OH 




i i 

O-C-O-C-CH, 



h CH, 



(0 



(2) 



(3) 



-(cHz-ch)- 



0-C-0-C-CH a 



(4) 



[0010] Therefore, the invention is characterized in that the 
repeated units are shown with the structural formula shown below, 

(1) , (2) , (3) and (4). The molecular weight distribution is the 
average molecular weight (Mw) / average molecular number (Mn) =1.01 

- 1.5. The hydroxide group of a part of poly (p - hydroxy styrene) 
and a part of poly (m - hydroxy styrene) are partially esterified 
with tert - buthoxy carbonyl group. P - hydroxy styrene - m - 
hydroxy styrene block copolymer is obtained. The molecular weight 
distribution is average molecular weight (Mw) / average molecular 
number (Mn) = 1.01 - 1.5. The hydroxide group of a part of poly (p 

- hydroxy styrene) and a part of poly (m - hydroxy styrene) are 
partially esterified with tert - buthoxy carbonyl group, a block 



copolymer of p - hydroxy styrene - m - hydroxy styrene is obtained. 
[0011] To explain the invention in detail, the block copolymer of 
the invention have repeated units as shown with the structural 
formula shown below, (1) , (2) , (3) and (4) . The hydroxide group of 
a part of poly (p - hydroxy styrene) and a part of poly (m - 
hydroxy styrene) are partially esterified with tert - buthoxy 
carbonyl group . 



[0012] 



[Formula 3] 



-(CH 2 -CHf 




(1) 



OH 



-(CH 2 -CH^- 




(2) 



-(chz-ch)- 




O-C-O-C-CHs 



6 Ars 




(4) 



O 
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[0013] Here, the repeated units of the above formula (1) , (2) , (3) 
and (4) can be any combination, it is usually this combination rate 
is preferred, 0.01 <. (1) < 99.97, 0.01 < (2) < 99.97, 0.01 ^ (3) < 
99.97, 0.01 < (4) < 99.97, (1) + (2) + (3) + (4) = 1. In 
particular, when the block copolymer of the invention is used as 
the resist material, from the observation point of the difference 
of solubility and the cross linking reaction control during the 
development of the resist, these combination rates are preferred, . 
20 < (1) < 99.98, 0.01 < (2) < 50, 0.01 < (3) < 80, 0.01 < (4) < 50, 
but most preferably 50 < (1) < 99.8, 0.01 < (2) < 20, 0.01 < (3) < 
45, 0.01 < (4) < 20. 

[0014] In addition, the proportion of the partial esterif ication by 
the t - buthoxy carbonyl group of the hydroxide group in the 
molecule in the above block copolymer is in the range of 0.1 - 80 
% (wt %, similar for below) to the poly (p, m - hydroxy styrene) . 
In particular, it is preferred in the range of 5 - 45 %. 

[0015] The block copolymer of the above described p - hydroxy 
styrene and m - hydroxy styrene have single dispersion consisting 
of the molecular weight distribution of Mw/Mn equals to 1.01 - 1.5 
but preferably in the range of 1.01 - 1.3. When Mw/Mn is below 
1.01, the synthesis is difficult technically and if it is over 1.5, 
the high resolution and high development properties cannot be 
obtained and used as a resist material. Furthermore, the average 
molecular weight (Mw) is measured using the photo dispersion 
method. Also, the average molecular number (Mn) is measured using 
the film permeation pressure method. 
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[0016] In addition, the average molecular weight of the above 
described block copolymer is not particularly limited but when it 
is used as the resist material, in general, the average molecular 
number is in the range of 500 - 50,000. In particular, this range 
is most preferred, 3,000 - 300,000. When the average molecular 
number is below 500, the film strength when used as the resist 
material is poor. When the average molecular number is above 
50,000, the development property and the solubility becomes a 
problems. High resolution and high development properties cannot 
be obtained. 

[0017] Furthermore, the evaluation of the above molecular weight 
distribution can be performed by the Gel Permeation Chromatography 
(GPC) . The molecule structure is obtained easily by 1H - NMR 
spectral . 

[0018] The partially esterified p - hydroxy styrene - m - hydroxy 
styrene block copolymer of single dispersion as described above in 
the invention can be obtained easily by esterified partially the 
hydroxide group of the p - buthoxy styrene - m - hydroxy styrene 
block copolymer with the dispersion property as described below. 
[0019] Here, first, the single dispersed block copolymer of the p - 
hydroxy styrene and m - hydroxy styrene can be obtained by the 
living polymerization of the two monomers of the p - t - buthoxy 
styrene shown with the structural formula (5) given below and the 
m - t - buthoxy styrene shown with the structural formula (6) given 
below, the t - butyl group in the molecule is separated. 
[0020] 
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[Formula 4] 



CH^CH Cft-CH 





(6) 

[0021] Also, when the above monomers are living polymerized, it is 
preferred that an organic metal compound is used as the 
polymerization initiating agent. The examples of the organic metal 
compound are the organic alkaline metal such as n - butyl lithium, 
sec - buthyl lithium, t - butyl lithium, sodium naphthalene, 
anthracene sodium, alpha - methyl styrene tetramer disodium can be 
used. Furthermore, the addition amount of the polymerization 
initiating agent depends on the molecular weight of the polymer 
produced, it is calculated from the weight of the monomer 

(molecular weight = monomer weight/mole number of initiating 
agent) . 

/5 

[0022] It is preferred that the living polymerization is performed 
generally in the organic solvent. The examples of the organic 
solvent are the aromatic group of hydrocarbon, the ring shaped 
ether and the aliphatic group of hydrocarbon solvent can be used. 
The specific examples are such as benzene, toluene, 
tetrahydrof uran, dioxane, tetrahydropilane , dimethoxy ethane, n - 
hexane and cyclohexane can be used. It is preferred that 2 or more 
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of the above organic solvents are combined together. Furthermore, 
it is preferred that the concentration in the organic solvent of 
the two monomer shown in formula (5) & (6) is preferred in 1 - 50 
%, it is particularly preferred in this range 1 - 30 %. 
[0023] It is preferred that the reaction is carried out under inert 
gas atmosphere such as nitrogen, argon or in high vacuum. The 
reaction temperature can be selected freely between the boiling 
point of the organic solvent used from -100°C but in particular, it 
is preferred to be reacted in -78°C - 0°C in the tetrahydrof uran 
solvent but preferably the reaction is carried out at room 
temperature in the benzene solvent. Also, the reaction is 
preferred to be carried out in the range of about 10 minutes - 2 0 
hours . 

[0024] The stopping of the reaction can be carried out by addition 
to the reaction system the stopping agent such as methanol, water, 
methyl bromide, etc. Next, the reaction mixture solution is 
precipitated in a suitable solvent such as methanol, it is washed, 
and dried. A polymer produced by polymerization reaction is 
purified, and single separated. Furthermore, by the living 
polymerization reaction, only the vinyl group in the monomer of 
formula (5) and (6) is reacted and polymerized selectively. A 
block copolymer having the repeated units shown in the structural 
formula (7) and (8) shown below is obtained. 

[0025] 
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[Formula 5] 




-C-CHa 



(7) 



(8) 



[0026] The copolymer obtained in this way has a molecular weight 
distribution of Mw/Mn equal to 1.01 - 1 . 5 of single dispersion. 

[0027] Furthermore, the yield of the polymer in the above reaction 
is almost 100 %, the molecular weight of the polymer that is 
obtained is calculated easily from the mole number (molecule 
number) of the polymerization initiating agent and the weight of 
the monomer that is used. 

[0028] Next, by separating the t - butyl group in the block 
copolymer having the repeated units shown with the above formula 
(7) and (8) , the block copolymer of p - hydroxy styrene and the m - 
hydroxy styrene having phenol remaining group structural unit shown 
by the formula (9) and (10) given below. 



[0029] 




OH 



(9) (10) 

(10) 

[0030] The separation reaction of the above described t - buthyl 
group can be performed easily by dropping acid such as hydrogen 
bromide, hydrochloric acid in the solvent mixture or single solvent 
such as benzene. In these reactions, the main chain of the polymer 
is cut. Since there is no linking reaction between the molecule, 
the molecular distribution of the block copolymer of p - t - 
buthoxy styrene which is the precursor and the m - t - buthoxy 
styrene can be maintained. The copolymer block of the m - hydroxy 
styrene and the p - hydroxy styrene of single dispersion of narrow 
molecular weight distribution is obtained. 

[0031] Furthermore, in this case, the addition amount of the acid 
is added at the same mole as the poly (p - hydroxy styrene) and 
poly (m - hydroxy styrene) 

[0032] In addition, the reaction for partial conversion of the 
hydroxide group by t - buthoxy carbonyl can be carried out easily 
similar to the normal t - buthoxy carbonyl reaction, the hydroxide 
groups are the poly (m - hydroxy styrene) part and the poly (p - 
hydroxy styrene) part of the copolymer block of m - hydroxy styrene 
and the p - hydroxy styrene of single dispersion as described 
above . 

14 • 




[0033] For example, the examples of the t - buthoxy carbonyl 
chemicals are such as chlorogy acid - t - butyl, di - t - butyl 
carbonate, t - buthoxy carbonyl thio - (4, 6 - dimethyl pyridine), 
t - butyl penta chlorophenyl carbonate, 2 - (t - buthoxy carbonyl 
oxyimino) - 2 - phenyl acetonitrile can be used. Also, the examples 
of the acid trap solvent is the used of pyridine and tetra ethyl 
amine. The hydroxide groups of poly (m - hydroxy styrene) part and 
the poly ( p - hydroxy styrene) part of single dispersion are t - 
buthoxy carbonyl converted partially. In this case, this can be 
added if necessary, for example, dimethyl amine, 4 - N, N - 
dimethyl amino pyridine is added to the reaction system as the t - 
buthoxy carbonyl catalyst. Furthermore, the usage amount of the t 
- buthoxy carbonyl chemical agent is inversely proportionally to 
the t - buthoxy carbonyl rate. The addition amount of the t - 
buthoxy carbonyl catalyst can be the catalyst amount. In addition, 
the usage amount of the acid trap solvent have the same mole as the 
t - buthoxy carbonyl chemical agent. 

/6 

[0034] Also, the block copolymer of p - hydroxy styrene and m - 
hydroxy styrene is converted into potassium salt using potassium - 
t - buthoxide. The block copolymer of the m - hydroxy styrene and 
the p - hydroxy styrene of single dispersion can be esterified by 
t- buthoxy carbonyl partially according to the reaction of the di - 
t - butyl carbonate. Furthermore, the t - buthoxy carbonyl 
reaction in the invention is not limited to the above reaction. 

[0035] Since the t - buthoxy carbonyl conversion rate of the p - 
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hydroxy styrene - m - hydroxy styrene copolymer of single 
dispersion that was esterified partially in the invention as 
obtained above can be verified easily by the 1H - NMR spectral, 
this t - buthoxy carbonyl conversion rate is about 0.1- 80 % to 
the poly (m - hydroxy styrene) and poly (hydroxy styrene) from the 
observation point of the cross linking reaction control and the 
difference in the solubility during the development of the resist 
as described above, this conversion rate is more preferred at 5 - 
45 %. 
[0036] 

[Effect of Invention] The copolymer block of p - hydroxy styrene - 
m - hydroxy styrene that is esterified partially with the t - 
buthoxy carbonyl group of the invention can be developed with an 
alkaline solution and since the molecular weight distribution is 
narrow, it is suitable as the photosensitive polymer material as 
the resist material of high resolution. Also, according to the 
production method of the invention, the block copolymer of p - 
hydroxy styrene m - hydroxy styrene of the t - buthoxy carbonyl 
group partially esterified with single dispersion can be produced 
effectively for the industry since the molecular weight can be 
controlled easily. 
[0037] 

[Implementation example] The implementation example is shown below 
for explaining the invention in detail but the invention is not 
limited by the implementation example. 
[0038] [Implementation example] 



The synthesis of the block copolymer of the m - hydroxy styrene and 
the p - hydroxy styrene of single dispersion 

2300 ml of Tetrahydroxy furan used as the solvent and 8 x 10-3 mole 
of n - butyl lithium used as the initiating agent are introduced 
into a 3 liter flask. These are mixed and the solution mixture 
that is obtained is cooled to -78°C. 100 g of p - tert - buthoxy 
styrene is added to this solution. After stirring for 2 hours, the 
polymerization reaction is carried out. Next, 5 g of m - tert - 
buthoxy styrene is added, the polymerization reaction is carried 
out while stirring for 2 hours, the reaction solution reaches red 
color. Next, the polymerization reaction is stopped by adding 
methanol as the reaction stopping agent in the reaction solution 
that is obtained. Then, this solution is poured into the methanol, 
the polymer obtained is precipitated, it is dried centrif ugally , 
then a white polymer of 104 g is obtained. 

[0039] The measurement results from the 1H - NMR of the polymer 
that is obtained are given below: 
1.4 - 2.2 ppm : (broad, 3H, -CH2-CH-) 
1.3 - 1.6 ppm : (broad, 9H, -OC (CH3)3) 
6-7 ppm: (broad, 4H, C6H4) 

[0040] From the 1H-NMR computation results, it is verified that the 
copolymer obtained from above is the copolymer consists of 95 % of 
p - tert - buthoxy styrene and 5 % of m - tert - buthoxy styrene. 
Also, the average molecular number if measured by the film 
permeation pressure measurement method, it is 1.2 x 10 4 g/mole. In 
addition, from the GPC elution curve, it is verified that the 



single dispersion rate is extremely high (Mw/Mn = 1.09). 
Furthermore, the GPC elution curve is according to the figure 1. 
[0041] Next, after the above obtained copolymer of 20 g is 
dissolved by adding to 300 ml of acetone. The solution that is 
obtained is stirred for 8 hours, then, this solution is poured into 
water, it is washed and dried, 13 g of polymer is obtained. 
[0042] The average molecular number of the polymer is measured 
according to the film permeation pressure measurement method, 7600 
g/mole is obtained. Also, the molecular weight distribution of 
this polymer is according to figure 2 from the result obtained by 
GPC. It is verified that the copolymer have extremely high single 
dispersion rate. In addition, from the measurement results of 1H- 
NMR of the polymer that is obtained, since there is no original 
peak in the tert - butyl group, the polymer is the copolymer of 
poly (p - hydroxy styrene) and poly (m - hydroxy styrene) , it does 
not have the tert - butyl group. 

[0043] Synthesis of the block copolymer of p - hydroxy styrene and 
m - hydroxy styrene that is partially esterified with tert - 
buthoxy carbonyl group. 

100 g of block copolymer (molecular weight of 7600 and molecular 
weight distribution of 1.15) of p - hydroxy styrene and m - hydroxy 
styrene obtained from the above living polymerization is dissolved 
in 1 liter of pyridine. 40 g of di - t - butyl dicarbonate is 
added while stirring the solution at 45°C. Gas is generated at the 
same time of the addition. In addition, it is reacted temporarily 
in N2 gas. The reaction solution is dropped into 1 liter of water 



18 




containing a concentrated acid of 20 g. A white precipitate is 
obtained. After filtering, it is precipitated and dissolved in 50 
ml of acetone and then dropped into 1 liter of water. Next, the 
precipitation is filtered and vacuum dry below 40°C. 

[0044] The polymer obtained have the repeated units of the 
aforementioned formula (1), (2), (3) and (4). The introduction 
rate of the tert - buthoxy carbonyl group using the peak OH group 
of 8 ppm is 19.6 % in the 1H - NMR. Also, the molecular weight 
distribution is 1.15. 

[Brief explanation of the diagrams] 

[Figure 1] This is the graph showing the GPC elution curve of the 
block copolymer of the m - tert - buthoxy styrene and p - tert - 
buthoxy styrene obtained in the implementation example. 

[Figure 2] This is the graph showing the GPC elution curve of the 
block copolymer of the m - hydroxy styrene and p - hydroxy styrene 
obtained in the implementation example. 
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1/ y i: tOT'n 7 ^ftl^JWi'siiJ r i , -ZLxm? 

Rtrtlfy (m-t Yp**s*+\*y) g&<0*&ffi£Sfc»- 

Tf EfSiSsS < 1 ) . (2), (3) 2«M4) 

CH a =C 

©CH, ® 

O— C-CHs 
I 

CH S 



*1. 0 1 — 1. 5T$>h#V (p-fch'ndfv-Xf-U 
^) (m-hFodfv-Xf-l^) 

1. 01-1. 5 «##§fctt<0>o-y 

yn-y ^ita^fr^t ioTW^d8$SU#6 t e r 

mtfih* < x tmm&RtsmMmmttL. *n 
m<ommzim£#imx'Z &zt l . *miz% 

[0009] ? 
CH 2 =CH 



(6) 




4 



(i) 



-|ch 2 -chV 



(2) 



-fCHU-Cl])- 



CHa 
I 

o-c-o-e-cHa 



o 



I 

CH, 



(3) 



-(che-ch)- 



I 

O-C-O-C-CHa 
II I 

O CHa 



(4) 



[ooio] ±iEfiliS^ ( l ) , 

<2), (3) Rtf (4) -C^n^OiStm^S-* 

^fi(M„)=l. 0 1-1. 5T$)Z>Ztt:mmt 
"*-*#U (p-hHD^fl/y)»WJ (m- 
hKD^fi/Xfl/y) SBOTjc&gtft e r t-rb^fy 
tf/U-tf— JV&X'&ftX-^iV'teZixrzv -b Kodfi/^ 

l/M^^JH^S (M. ) /Wbto=i-&. (M„ ) # 1 . * 



•X0 1 — 1. 5<?)#^tt^p-b Fv^i/Xl-Uytm 
-fc Hodrv-Xf-UytcoyD /^Sa^+O^y 

dfv-Xf-I^-m-b h'o^Xf-Ix-^fccOT/o-y 

[00113 ht\ *^a^#ietcpaH-«. t , 

50 HB^^a-y^^fi-^tt. TififitiisS < 1 ) . ( 2 ) . 



(4) 
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( 3 ) mf ( 4 ) -cmzti&m'r&LmiiLtt-t&tfv 

a'-Xf-U*') g&cDTKgSmtfit e r t -^>^f^^^— 
[00 12] 

[fl:3] 

-(ch*-ch}- 



OH 

-{ch 2 -ch4- 



-(cHz-CH^- 



(1) 



(2) 




CHs 
-C-O-C-CHs 

A it 



(3) 



CHa (4) 
"O-C-O-C-Cft 

O CHg 

[00 1 3] ±125$ (1 ) , (2), (3)& 

(4 ) <vm?)mL&m*i£m<?)ffl&T'ttLx£^ 

il^ttft&flWO . 0 1 S ( 1 > =S9 9 . 97, 
0. 0 IS (2) S9 9. 97. 0- OU (3) 
9.97,0.0 1^(4)^99.97. <1) + 
(2) + (3) + (4) =lt%&£5Z$H!rX~&&? 

(1)S99. 98, 0. 0U (2) S50, 0. 0 
IS (3) £8 0. 0. 0U(4) ^50, «fc D*f * 
L<(i5 0=S (1)S99. 8, 0. 01S(2)S2 
0, 0. 01S (3) ^45, 0. 01^(4)^20 

[0014]Stl. JtE^a >y f^S&ftlC&CvtftT- 
<7)*1ES<0 1 - y h ^/UsK-yPS^ J; & Sftftxx 
-r/HfcOSiteti- /-K'J (p, m-hh'odfv-xf-b-v) 
(cttLTO. 1-8 0% . mzs 

—4 5 6 ^ t ijmt L V 



10 



20 



30 



40 



[0015] *5|HBW±ap-t Kn^yXfl/ytm 

M„#l. 01 — 1. 5.$?*L<(41. O^l — 1. 3 
iO&Hfc&S «fc 3 ^^ft^?r*rrS#ii-gJttt<Ot,^ 
T$>&. M./Mnif«l. 0 1 fc^fc&V^><7){i«#JWfc: 
-£j£SHt-C&9. 1. 5Srexi»i:P^Xh»«tL-C 

=5ri3. «fi¥%^HFfi (M.) JiftftSL&fcJ: 

[ 0 0 1 6 ] Stc. ±IB^n <y ? M^TWi 
ti»t«IRS*i.*t«)-ca=SC'i^* { . l^'xhSmt LX 
Sffl-TS^ti. -SfcrST^Hr^**^ 0 0—5 0 
0, OOOCOKH. *$fc:3, 000—300, 000O 

0,000 Jgi. 6 0 . 

[ooi7] ±ie^a^^i¥«i^7V5 

i-yaV^OVh/??^ (GP.C) £Jto%#3 
[0018] *%aB(c:tJ^-C±a 

[0019] ZZX'£-t. #^1t<7)P -t h'o'df ^X 

Ji. TfEffi i§5$ ( 5 ) X'^Ztih p-t-y h^xf- 
l^fcTfEJSiiiS < 6 ) ■CSSfiSm-t-yh^ 

[0020] 

[fc4] 

CH^CH CH,=CH 




CHa 
C-CH3 



CI 



(6) 



[ 0 0 2 1 ] 4*:. ±te^E yy?-cr>y t>/i-&tBL 
50 y-j-^A. sec-ytwfw, t-y^-yuu^ 



(5) 
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8 



[ 0 0 2 2 ] 'J b'^^S^ti-^tcWtS^^Ttf 5 i 

i:#a£U\ mmmi&t Lxa^wmmtekm. mz 
^±*n wwfcTteB lt *> 2S&±£ffl*-&;b-<*: 

T&fflLTkivv&ik iieM^yv-^ (5) , 
(6) WHW«Mtt. .l~5 0%. #fcl~3 
0%fc-tf-££fca>lfau^ 

[0023] fcmitmMgrFXteTtiszf^. mmm^ 
aagi± - 1 o o -cfrt><m L^^mmmcomw^^x 20 

0 2 0 otfgtf 5 .r t tm nx-h s . 

[ 0 0 2 4 ] RjS<9f£iBi, Mitfjt^y-rt', * 

-^CHs-Ch)— 



♦ ffi^-RfiSSr^Td t . ±12^ ( 5 ) 5.1/ < 6 ) 
5£ (7) &X/ <8) T^il^OiRL-^fiSr^rrsy 
[002 5] 




(9) 



[0030] jhfE£>t -7+)imnim.&&i,i. v** 
wmz zt^oz t&%\>wc^ mWkx'hz p - 1 - 

y h 3f y-X-f- U > i: m - t - ^ h =*f zsX f- U > fc 60 y a 

[0031] tciiZ<7>t§&^ fHflMHaStiiA* 1 ) ( P - 1 
KD^yXfl^y) (m-b Fadf^X-f-l^y) *50 



[^5] 

-(Cft-CH)- 



o- 



(7) 



CHs 

C-CH, 
I 

CHs 



-(CHa-CHf 



CHs 
-C-CH, 
CH, 



(8) 



[0026] ,l<9«fc 3 £ LT*f£>*l.£;ft*-&flskt 
fl^M./MD^l . 0 1 — 1. 5<n&W&&<n>l><F>X 

[0027] Srii.. JifESJS(c:tJtt-S^Uv-4<6)R^i 

isu'i o o%t-&6<9t\ #^>*L&iKy v-^fl^jBi 1 

[0028] mz. JiiEsS ( 7 ) mf ( 8 ) TmZtlZ 

t Z t lz J; »3 , Tie»* ( 9 ) &XS : 
(10) T'*?ix*7xy-;PS«ffij§#Ci2:^rrSp 
-b HDJfy^ft/ytm-tf'DJfj/XfI/yi:07' 

[0029] 
[^6] 



-(CHb-CH)- 




(10) 

[ 0 0 3 2 ] StC ±^co#^<7)P - b F o=5f 
lx>4: m- b h'a=^f v-X^-U^i: «7*n •/ 
XV (p-b mmfXV (m-b'H 

[0O3 3]Mx.(f. t-:/h3f^#;u*-n^l2i« 

h , t-^h^fv-^'-K— /l^f- (4, 6->-'^ 
^/Ut U ) , t-7f/Ky^?D07i^- 

y) -2-7i-;UT-bh-M»;k^^Mfflt. *>-38 



(6 

9 

byyTW&tLXVVi'y. fh7XWS^ 

m^x. m-ftftKOTtty (p-hw^fi/>-) u& 
tT=^xf7ur$>\ 4-n, N-^^/ursyeu 

t - 7 b * =s*i)V7£-}l>Wmt LXKfc&tz 

<Dwami. t - 7v*^%ivx-ivfam^\mm.x'h 

i"Svlfc*<-C#S. HtSth^'yT^OiSfflftti. t 10 

[0034] ^U^A-t-T'h^v-HSrffl^'C 
p-t Hn^i/xfi/ytm-h \<xj^i^x^]yyt<n 
:/o«y U^-MgfcU dit^^'-t-^ 

+Jl>y#-tit*— b fc«t»3-.£$:St£te: J: 

«/o >x ^S^-fl^SfcJtffok: t - 7 b 3f S^P*-^ 
ikth i h #T'£ 6 . SriK *^B8^fctt^ t - 7 b 

V\ 20 
[0035] i 5 lZ LXmi>tl&*mi<7>&ft*A 

3mKttMfflcr>m&frt>#V (p-hH udf S^x^-P 

*L0. 1— 80%. 5%<7)®BB-Cfti»«lfc* i 
JffiLu. 30 
[00 3 6] 

#x*7VWfc3:h.fc p - b K o3f S^Xf - ^- m - b F 
n^yXfl/y^ny^M^tlt TH-XVm&X' 

)Vifc-)U£M J rt^^'r>i'<?)v t Fu3f ^X-f-W>-m 

g^ffmt^o^atcfOttiLTX^Wtqg-fillzKiS-ri. 40 
ZtifiX'^Z,. 
[0037] 

imam ut. njswsr^u *mi*mzpm-?& 
t>K *mntztuz£^xmfeztL&i><7)X'ii%^. 

[00 38] 

3 U -y h/K7)7^Xr?(cj§j«i: Uf b5t Hn7 7> 
2300ml. mfcUn-T'fyl.'JfWSXl 

o^i^tta*. s^ut. &t>ixfiim.£mmz-7 so 



tJH?FP6-4 9 1 3 7 

1 0 

8«CtC^aiL^f^ r»^ P -tert-7h^y 

xf-w >- 1 0 0 g £$an U 2 B$l31ff# L=5r*>'4>fi^K 
iS£fr;b-t*\ <K£m- 1 e r t -7b* yXfky5 g 

i&tz&J&®ikMt LXX?S-)l>£muLxm&mi*: 

•&fltl0 4«3&*»«>ilfc. 

[0039] nt>titzn-&ft<o i h - n m R^ugisgi 

1. 4~2. 2ppm: C/o-F. 3H, -CHa- 
CH-) 

1. 3 — 1. 6ppm: C/o-F. 9H, -OC (C 
H 3 ) 3 ) 

6~7ppm-:.- (T'o-H, 4H, CeHO 

[ 0 0 4 0 ] 1 H - NMRl^feil^. ±S&<V$kS.-& 
P - 1 e r t h^yXf 5%S^m- 
t e r t -7b* is^U>5%frt>*&$£m&ikX'h ... 

*cifcjwsiB5*ut. &fz. mmBEmm£i~i'>xm 

Ufcfc£%» 1 . 2 x 1 0« g/4/l^ . 
•C&ofc. SIC GPC*mi8rtl«IS!R^fe. #4MRtt 
j6*W>T*^ <M./Mo=l. 0 9) £fc#5tlg$;Jx 

fc. =5r*i, Gpcmtbtiimmi tz7FLtzmK>xh&. 

[0 04 1 ] <X^X\ ±MmS.-£ft2 0g£T±b>3 
0 0ml IzMz-XlSMZ-tt*:®. 6 Or-C^iOigigK 

3 g&ft&iUb. 

[0042] mamsmmtzj: oznxv -?~omc¥ 

%*H=4£}B|SgL*:fc .1 7 6 0 0 g/^Ert/Cfcojfc. 
i«>jKUv-«4HMI^Mti*GPCfcJ:0W0iL 

»- ^m-sibx-h t^m^titi . sic. zzxnt? 

tltlXO V-O 1 H-NM RO^JgJSH*^ tert- 
7+>\^\,z&m'hV-9ifiWmZti%tp'>K<r)X\ X 
•jv-jtfcKU (p-b Fo^xf-py) fcdfU (m- 

bHa^fv-X^-l^y) fc^^ftt^-C. tert 
[0043] tert-ZK S^^yl^K— ;U£-C^X 

7600. •JHFi^l. 15) 1 00g£:b-l>^Vl 
U «y bA'tWWS*. 4 5t:-Cl^L=Sr* J ^I^B!>''- 
t -^-7-/1^2:4 OggsflDLft. ^jDfcR^t^X^?^ 

0 g ^-a-tr * 1 U •/ h ;Utc»5?g5r?ST L . fife^^ 



(7) 



1 1 

t o o 4 4 1 nt>titzxv v-iawr* ( i ) . 

(2), (3) SIX (4) ^)g»9®L#fi[5r*^t>cO 
T\ 1 H-NMRtfc(tS8ppmi7)OH»0tWS' 

fc*S*. 19. 6%T'S>D. 4fcjfflMBl. 15 



1 2 



[01 1 IIJ6BWT»4»*lJtP-t e r t-/h^yXf 



[HI] 



[02] 



CMY) 
600- 
400 
200 




io\o 



20j0 
CHME) 



300 



4ao 



CMV) 
600- 
400- : 
200- 




100 



20U0 



90jO 



4O0 



